Polypyrrole (PPy) conducting polymer prepared by chemical oxidation method using FeCl 3 .6H 2 O as an oxidant has exhibited 100% adsorption efficiency for the removal of nickel ions from aqueous solution. At pH 7, 100% nickel absorption was found by the prepared polypyrrole as measured by atomic absorption spectrophotometry. At both acidic and alkaline solutions, the adsorption efficiency of PPy was substantially lowered. The effects of pH, the initial concentration of nickel stock solution and the contact time on the uptake of nickel ions were also investigated. With the variation of initial concentration from 1-5 ppm, the initial concentration of 1 ppm nickel has been found to be adsorbed fully (100%) by the prepared polypyrrole. The contact time of 8 hours has been found to be the highest effective contact hours as beyond this there was no adsorption effect. The FTIR results confirmed the presence of nickel ions in the polymer matrix after adsorption.
Introduction
The removal of heavy metals like lead, mercury, zinc, copper, nickel etc. released from various industries from aqueous stream has attracted much attention among the researchers due to being lethal to the human beings and aquatic lives [1] . Many adsorbents have been studied for the removal of heavy metals from wastewater and industrial effluents such as activated carbon [3] , silicates [4] , natural zeolite [5] , peat [6] , chitosan polymer [7] and biomass [8] . However, as a new type of polymer adsorbent, conducting polymers such as polypyrrole, polyaniline etc. and their composites have drawn much attention to the researchers for the removal of various heavy metals, dyes and organic pollutants from various water sources due to its ion exchange and adsorption properties [9] [10] [11] [12] [13] [14] [15] . Polypyrrole-impregnated porous carbon has been shown to adsorb heavy metals like Hg, Pb and Ag ions from solutions with 20 times higher capacity than that of adsorbents with amine functional groups such as chitosan-containing membranes [16] . Since the heavy metal removal efficiency depends on the synthesis conditions of conducting polymer, hence, our present effort has been made to evaluate polypyrrole alone without making any of its composites as an adsorbent for the removal of nickel ions from aqueous solution.
Experimental

Materials and analysis
All the reagents used were of high purity. The monomer pyrrole (Sigma-Aldrich) was distilled prior to use. Ferric chloride (FeCl 3 .6H 2 O) (Sigma Aldrich) was used as an oxidant. Stock solutions of nickel were prepared by dissolving nickel nitrate in distilled water. HCl (Sigma Aldrich) and NaOH (Sigma Aldrich) were used to control the pH of the stock solution.
The concentration of heavy metals in aqueous samples was analyzed by using an atomic absorption spectrophotometer (VARIAN Spectra A-10 PLUS). The Fourier-transform infrared (FT-IR) analysis was performed in wavenumbers ranging from 400-4000 cm -1 using a FTIR-400, Perkin Elmer spectrophotometer.
Synthesis of the adsorbent
Polypyrrole has been prepared by chemical method using FeCl 3 .6H 2 O as an oxidant in aqueous solution. In a typical experiment, 0.33 g of pyrrole and 1.35 g of FeCl 3 .6H 2 O (1:1 mole ratio of monomer to oxidant) was taken in 50 ml of distilled water under stirring condition. The color of the mixture gradually changed from green to black showing that polymerization was in progress. After 1 h of polymerization, the polymer mixture was filtered. The black polymer mass was then washed several times with deionized water and dried in an oven at 60°C for 24 hours.
Batch adsorption experiments
The batch adsorption experiments were carried out with 0.08 g of polypyrrole adsorbent added in 25 ml of nickel solution having a concentration of 1, 5, 10 and 15 ppm in the pH range of 2-8 in a shaker operated at 200 rpm for 8 hours. Later the solution was filtered. The concentration of nickel in the filtrate was determined by atomic adsorption spectroscopy (AAS).
The nickel ion removal efficiency, E, was determined by using Eq. (1).
(1) Where C o and C e are the initial and equilibrium concentrations (mg/L) of nickel ions, respectively.
Results and discussion
Effect of initial concentration
The effect of initial nickel ion concentration on the percentage of nickel ion removal from aqueous solution shows that with the increase in the initial nickel ion concentration from 1 ppm to 15 ppm, the efficiency of nickel ion removal gradually decreased from 100% to 83.5% (Table 1 ). The results show that with 1, 5, 10 and 15 ppm of initial nickel ion concentration, the efficiency of ppy adsorbent was found to be 100%, 91.4%, 88.6% and 83.5 %, respectively. This is due to the higher number of nickel ions per unit mass of adsorbent which restricts its adsorption. 
Effect of pH
One of the important controlling parameters in adsorption is pH. The effect of this factor is shown in Fig 1. It is evident that the highest percentage (100%) of nickel ion removal was found at pH 7.
At lower level of pH (pH=2), no adsorption was recorded but with the increase in pH from 2 to 7,
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the efficiency increased up to 100%. Later the adsorption decreased with further increase in pH. At lower pH, mostly amine sites in polypyrrole adsorbent are protonated and cannot facilitate the chelation process. With the increase in pH from 2 to 7, protons are released from the amine functional groups of polypyrrole adsorbent which causes more available active amine sites for the adsorption of nickel ions from aqueous solution. With further increase in pH above 7, nickel hydroxide formation renders the low adsorption of nickel ions by the adsorbent. The similar declining trend of adsorption with the increase in pH above 5 was observed for the removal of heavy metals from aqueous solution by other researchers [1, 9] .
The effect of pH on nickel ion adsorption by polypyrrole.
Effect of contact time
Adsorption efficiency of nickel ions was measured as a function of time between 2 hours to 24 hours by keeping all of the other parameters constant. It shows that the adsorption efficiency increased with the increase in contact time. The maximum level of efficiency was found at 8 hours of contact at which the equilibrium was attained. After 8 hours, the efficiency leveled off. The similar adsorption behavior was also observed by Omraei et al. [15] for the removal of zinc ions from aqueous solution by using polypyrrole/sawdust nanocomposite. 
Fourier transform infrared (FTIR) spectroscopy
After adsorption of nickel from wastewater by PPy, two additional peaks were observed at 617 cm -1 and 602 cm -1 , respectively. These new peaks are possibly due to the binding between nickel ion and nitrogen group of polypyrrole. The entire peak positions observed for PPy before adsorption have shifted to higher wavenumbers in the spectrum of PPy after adsorption. Thus, from FTIR spectrum it can be evidenced that the coordination of nickel ions to nitrogen in amine functional groups of polypyrrole polymer is the main mechanism involved in the adsorption process. A schematic diagram of surface nitrogen functional group of polypyrrole for the adsorption of metal ions is shown in Figure 4 . 
Conclusions
Polypyrrole conducting polymer was successfully prepared by chemical method using ferric chloride as an oxidant. The preparation conditions of polypyrrole had a great influence on the adsorption efficiency for the removal of nickel ions from aqueous solution. The adsorption ability due to the presence of nitrogen in amine functional group of polypyrrole structure made it an effective adsorbent for the removal of nickel ions from aqueous solution. The complete removal (100%) of nickel ions from aqueous solution by polypyrrole was achieved by controlling the essential parameters such as contact time, pH and initial concentration of nickel ions in aqueous solution. FTIR results confirm the adsorption of nickel ions by polypyrrole. Our findings show that polypyrrole alone without forming any of its composites was capable of removing heavy metal ions like nickel from aqueous solution with 100% efficiency.
Advanced Materials Engineering and Technology II
